We empirically evaluate the degree to which Big 4 auditors achieve economies of scale resulting from investments in audit technology at the local U.S. office level and, more importantly, determine how this affects audit pricing differences between Big 4 and nonBig 4 auditors. Focusing on the U.S. audit market for small to medium sized public companies, we argue and find that, relative to non-Big 4 auditors, Big 4 audit firms benefit from economies of scale at the local office level. In turn, this results in decreasing Big 4 audit fees in local market size, relative to non-Big 4 audit fees (i.e., decreasing Big 4 premium). Our results are consistent with Big 4 audit firms engaging in greater audit technology investments at the local office level in order to enhance audit efficiency, as argued by Sirois and Simunic (2010) . Overall, our results support the view that the U.S. audit market remains competitive, despite the high level of market concentration.
INTRODUCTION
Differences between Big 4 and non-Big 4 auditors are well established in the auditing literature. Most notably, the empirical evidence strongly suggests that Big 4 auditors are of higher quality (real and/or perceived) and that they command higher audit fees (e.g., Francis (2004) ; Watkins, Hillison, and Morecroft (2004) ). Yet, surprisingly, little is known about actual differences which may exist between Big 4 and non-Big 4 firms' audit production processes, and more specifically, differences in cost structures. The objective of this study is to address this last point directly. We build on intuition from the industrial organisation literature as illustrated in Sirois and Simunic (2010) to empirically evaluate the degree to which Big 4 auditors achieve production efficiency gains and economies of scale resulting from investments in audit technology at the local office level and, more importantly, determine how this affects audit pricing differences between Big 4 and non-Big 4 auditors.
The primary objective of this paper is to provide a formal test of the theory developed in Sirois and Simunic (2010) . They argue that Big 4 and non-Big 4 audit firms fundamentally differ with respect to their investment strategies in audit technology 1 , with Big 4 audit firms choosing to invest more in audit technology as a differentiation strategy to enhance the relative value of their audits through greater audit quality, real and/or perceived, and/or audit production efficiency gains. Consequently, differences between Big 4 and non-Big 4 audit quality and audit fees vary according to the relative level of such investments which, in turn, results in the well documented Big 4/non-Big 4 dichotomy and dual structure of the industry. Sirois and Simunic (2010) further show that because investments in audit technology are strategic firm decisions (i.e., endogenous), the level of such investments for Big 4 audit firms is increasing in market size. Therefore, in a single country setting where Big 4 and non-Big 4 audit quality is expected to remain mostly constant across local markets, we posit and find that, ceteris paribus, Big 4 audit 1 As in Sirois and Simunic (2010) , we broadly define audit technology as investments that enhance real and/or perceived (e.g., advertising) quality of audits, and/or improve audit production efficiency. In the short term, audit technology is a fixed input in the audit production process while audit effort (i.e., audit hours) is a variable input.
fees will be decreasing relative to non-Big 4 audit fees 2 . In other words, we predict and find that Big 4 audit fee premium is decreasing in local market size. We test this hypothesis in the U.S. audit market for small to medium sized public companies.
Overall, our analysis lends support to the notion that audit technology is a key input of the audit process, and more so for the Big 4 audit firms which stand to achieve greater economies of scale. In turn, this illustrates the need to consider (or control for) factors which may affect the relative uses of audit technology when exploring differences between Big 4 and non-Big 4 audit quality and fees. Indeed, these are commonly argued to result rather from differences in Big 4 and non-Big 4 audit effort (e.g., Choi et al. (2008) ) and/or independence (e.g., Choi et al. (2010) ). And while it is implicitly assumed in the literature that Big 4 and non-Big 4 auditors may employ different audit technologies, with Big 4 auditors employing possibly "superior" technology, why and how technologies differ and the process by which Big 4 and non-Big 4 auditors develop different audit technologies is unclear and anecdotal.
Indeed, although claims that the Big 4 audit firms benefit from economies of scale are common (e.g., United States General Accounting Office (GAO) 2008)), the empirical evidence of the impact of scale economies on audit pricing is limited. Early studies on audit fees have looked at differences in Big 4 and non-Big 4 audit fees across the large and small auditee market segments at the national audit market level (e.g., Simunic (1980) ; Francis and Stokes (1986) ; Palmrose (1986) ). Generally, the evidence has been associated with product differentiation (i.e., higher Big 4 audit quality) and non-Big 4 diseconomies of scale in the large client market segment. However, our research design is well motivated by theory and differs significantly from earlier studies in that we investigate the existence of scale economies at the local market level; contributing to the 2 That is, given auditor type, the level of audit quality is expected to remain mostly constant across local markets. However, between auditors of different types the level of audit quality may well differ. As we explain in the next section, investments in audit technology by Big 4 local audit offices are expected to be predominantly designed to improve production efficiency and therefore allow Big 4 audit firms to price their audits more competitively/aggressively as market size increases. We do not claim, however, that Big 4 audit fees are lower in magnitude than those of non-Big 4 auditors. Rather, it is the differential between the two that is decreasing in market size (i.e., lower premium).
growing literature investigating audit and auditor characteristics at the local office level 3 .
Our study is the first, to our knowledge, to illustrate that Big 4 local offices benefit from economies of scale and that this translates in costs savings to audit clients. Our test results also demonstrate that Big 4 economies of scale are, at least in part, driven by increasing returns to scale for the Big 4 auditors and confirm that some investment decisions that impact audit firms' pricing strategies are undertaken at the local office level where audit contracting occurs.
We are aware of only one published study which tests for the possibility that local auditor offices may benefit from economies of scale by investigating the relation between audit fees and local auditor office size (Choi et al. (2010) ). Yet, Choi et al. (2010) find that audit fees are in fact increasing in local office size and argue that this is consistent with increasing audit quality rather than the presence of economies of scale. Hence, our results appear to contradict theirs, although we motivate our hypothesis from a different theory and our research designs differ slightly 4 . We argue later, however, that their research design may not appropriately control for specific factors, namely time and return to scale differences between Big 4 and non-Big 4 firms which may bias in favour of their results.
In any case, we believe this suggests that more research is necessary into how audit fees are affected by local market characteristics, among them market size.
Our main contribution is to provide formal evidence supporting Sirois and Simunic (2010) . As such, we contribute to our understanding of the audit industry, its dynamics and what drives the Big 4/non-Big 4 dichotomy by exploring the role audit technology plays. This is important in light of recent concerns raised by regulatory agencies, business associations and private interest groups over the high level of market concentration (i.e., Big 4 market power) and its potential adverse impact on the audit product, innovation and audit fees 5 . Although recent reports by the GAO suggest that the high level of market concentration has not adversely impacted audit quality and fees, the GAO stresses that its "(…) findings should not necessarily be viewed as definitive or as proof that the market for audit services is competitive" (GAO (2008, p. 94) ). The general consensus is that more research is needed to better understand the dynamics of the audit industry.
The remainder of this paper is organised as follows: Section 2 presents a review of prior research investigating the existence of economies of scale in the auditing industry, along with the hypothesis for this study; Section 3 describes the empirical research design;
Section 4 presents the data and empirical results and we conclude with Section 5. Sirois and Simunic (2010) discuss a model of audit firm competition where both audit quality and audit firm size are endogenous. Based on this model, they predict how certain market characteristics, namely market size and investor protection regime, affect the structure of the auditing industry and differences between Big 4 and non-Big 4 audit quality and fees. In essence, they argue that Big 4 and non-Big 4 auditors fundamentally differ with respect to their investment strategies in audit technology, with Big 4 auditors competing on audit value (i.e., quality-price ratio) through fixed investments in technology, the level of which is increasing in both market size and the degree of investor protection.
HYPOTHESIS DEVELOPMENT
The intuition behind their framework is straightforward. To start, they note that an audit firm's output, including the real and/or perceived level of quality associated with its audits, essentially involves a combination of costly production inputs, namely audit effort 5 GAO (2003 GAO ( , 2008 (e.g., audit hours) and audit technology. In the short term, audit effort is considered a variable input while audit technology, which represents mostly auditor "know-how" or competence, is a fixed input. That is, the level of auditor "know-how", competence and other technologies employed by an audit firm results from past investment decisions. Sirois and Simunic (2010) argue that Big 4 audit firms can, and choose to, improve their contribution margins through fixed (capital) investments in audit technology. These investments increase client-firms "willingness-to-pay" (i.e., obtain higher prices) by enhancing the perceived quality of their audits through fixed investments in advertising 6 , or by improving true audit quality through R&D activities, training, etc. (i.e., product innovations) 7 . Moreover, audit firms can invest in technology, IT equipment, training, standardized audit programs, etc. to improve their production and organizational processes in an effort to lower marginal costs and ultimately audit fees (i.e., process innovations). These investments in competitive capability are endogenous in the sense that they result from individual firms' business strategy. The more a firm chooses to invest, the greater the (positive) impact on its contribution margin. Yet, the costs of such investments are fixed and do not depend on the level of output. Consequently, the benefits from fixed investments are increasing in the level of output and firms therefore have greater incentives to undergo such investments as market size increases. In other words, technology investing audit firms have greater opportunities to exploit scale economies in larger markets.
In their work, Sirois and Simunic (2010) further illustrate how Big 4 and non-Big 4 firms differ in their respective strategies over investments in audit technology and, under a set of very simple assumptions, demonstrate how this leads to the dual market structure characteristic of the audit industry: a highly concentrated market with few high-quality suppliers (i.e., Big 4s) and a large number of small lower-quality auditors (i.e., non-Big 4s). The Big 4 audit firms' dominance is a consequence of the higher value of their audits 6 Hay and Knechel (2009) find evidence consistent with the notion that audit firms engage in "qualitybased" (fee increasing) advertising and observe that this is more prominent for Big 4 audit firms. 7 The assumption here is that client-firm value is increasing in audit quality, where audit quality refers to the auditor's ability to detect material misstatements and is a function of audit effort and audit technology.
(i.e., higher quality-price ratio) which comes from the greater use of audit technology by these firms. Moreover, because this ratio is driven by investments in audit technology, it is increasing in market size for Big 4 firms relative to non-Big 4 firms who follow a noninvesting strategy 8 . This helps explain why Big 4 auditors continue to control significant market shares even in very large markets that can accommodate many suppliers.
Yet, the nature of investments in audit technology is a function of how markets are defined. Stated differently, whether investments result in "product innovation" or "process innovation" depends on the level at which they are planned and incurred (i.e., local office, national partnership or global network). In this study, we focus on local offices in a single country, the U.S. We conjecture that, for the most part, the benefits associated with investments at the global network and U.S. partnership level are likely shared mostly uniformly across all offices. Consequently, these investments would have little, if any, differential impact across local U.S. offices. Rather, we focus on investments made at the local office level. We argue below that these investments are predominantly planned to enhance audit production efficiency. That is, local Big 4 fixed costs investments are incurred mostly to lower marginal production costs and thus allow Big 4 audit firms to compete more aggressively on price. Big 4 offices therefore increase the value of their audits as market size increases (i.e., increasing quality-price ratio in market size) and leads to our research hypothesis:
HYPOTHESIS 1: Ceteris paribus, Big-4 audit fees are decreasing in market size, relative to Non-Big-4 firms.
Hypothesis 1 is essentially a reformulation of Prediction 4 from Sirois and Simunic (2010) , adapted to our single country setting. To motivate our hypothesis we note that within a single country setting, local member practices of a given Big 4 national network are organized as a national partnership and share a common brand name. As such, not only are legal and regulatory requirements the same for all offices, but the legal and reputational costs these face are equal (i.e., same legal regime) 9 . Moreover, the reputation for audit quality is mostly associated with the national brand-name and thus constant across all local offices.
In fact, there is little incentive for a local practice to invest in audit technology to enhance the quality of its audits above the partnership's standard given that it is less likely to be perceived by audit clients and valued accordingly. Likewise, there is a strong incentive for members to constitute a national partnership with strong oversight powers of local members' auditing practices to ensure uniform (partnership-level set minimum) audit quality. In this case, partnership level audit standards and quality controls offer two significant benefits. First, it limits the "free rider" problem within the partnership.
Second, it adds value to the audits of all member offices by lowering transaction costs as there is less information asymmetry over the true quality of the audits provided by local offices 10 . Hence, the quality of Big-4 audits is expected to remain constant across all local markets.
On the other hand, because Big 4 audit quality and reputation is mostly set at the national level, price competition becomes more important at the local office level. Yet, as local market size increases, local Big 4 offices still find it optimal to pursue an investment strategy in audit technology as a means to enhance the value of their audits.
Consequently, local Big 4 office investments in audit technology predominantly involve process innovation targeted to lower marginal costs. Investments in audit production capacity are one example 11 .
Our line of reasoning differs, however, from that of Francis and Yu (2009) and Choi et al. (2010) (the former study directly focuses on Big 4 auditors, while the latter does not 9 State specific legislation and professional licensing requirements are not expected to differ significantly. 10 This has benefits to both external clients (i.e., auditee) and "internal" clients (i.e., audits involving multiple offices). The latter point would more appropriately be associated to process innovation as it facilitates the conduct of an audit. 11 Office production capacity is highly driven by local hiring decisions and while audit labour is thought of a variable input, "capacity slack" in audit labour is itself akin to a fixed cost investment. In other words, audit labour can be more appropriately defined as a quasi-fixed cost. Investing in capacity slack is a form of process innovation as it allows greater flexibility and facilitates the production and delivery audits.
make that distinction). Indeed, these two studies conjecture that audit quality is increasing in office size, which is highly correlated with market size 12 . Moreover, they report evidence consistent with their conjecture. Nonetheless, these results need not be contradictory to our study. First, if audit quality is indeed increasing in office size (and likely more so for Big 4 audit firms as reported by Francis and Yu (2009) ), this would still imply that Big 4 audit value (i.e., quality-price ratio) is increasing in market size 13 . If anything, these results bias strongly against our hypothesis, making our results all the more noteworthy. Second, note that we focus exclusively on the small to medium sized public company market segment where price, rather than quality, is likely to be a more important factor in auditor selection, which creates greater incentives for local offices to lower audit fees 14 .
METHODOLOGY AND RESEARCH DESIGN
Big 4 local offices are expected to achieve greater production efficiency and benefit from greater economies of scale as local market size increases. Here we define local audit markets on two dimensions: first, on a geographical dimension; and second, on the basis of client-firm size 15 . Furthermore, we only consider the U.S. audit market. As discussed 12 Importantly, note that we take market size as our test variable since it is truly exogenous and more likely an explanatory factor of audit quality and/or fees. Office size, rather, is more likely a consequence of audit quality and pricing decisions. This is especially problematic when estimating the relation between audit fees and office size given that office size is measured in terms using audit fees. This is the case in Choi et al. (2010) . 13 There are several reasons why this is possible and nonetheless consistent with the national brand name argument we present. First, audit technology investments at the national (and even international) level may not spread uniformly across local offices. For example, specialized partnership wide support groups set up to assist local audit teams on complex accounting and auditing issues tend to be centralized at national and regional administrative offices, usually the largest offices operating in the largest markets (e.g., New York head offices of the Big 4 audit firms). Because of the proximity of such (human) capital investments, the associated benefits may disproportionally spillover more to the largest offices where these "national-quality centers" are located. Second, investments in process innovation and product innovation are not entirely independent and likely complementary. 14 There is anecdotal evidence suggesting that Big 4 audit firms are significantly discounting rates to smaller audit clients in an effort to regain market shares in the small to medium public company market segment lost to non-Big 4 auditors in the wake of Sarbanes-Oxley (Cole (2008) ).
previously, focusing only on a single country ensures that institutional and other country specific factors known to affect audit fees are held constant (e.g., Taylor and Simon (1999) and Choi et al. (2008) ). Moreover, the size of the U.S. market implies that subdividing it at the local level is possible, resulting in a fair number of local markets of varying sizes.
Local Market Definition: Geographical Dimension
Local audit markets are defined initially on a geographical dimension, with markets corresponding to specific Metropolitan Statistical Areas (MSA) defined in the 2000 U.S.
Census 16 . This is consistent with Penno and Walther (1996) who compare the relation between market concentration and local market size for accounting, advertising and law firms in the U.S, as well as studies on audit and auditor characteristics at the local office level (e.g., Francis and Yu (2009); Choi et al. (2010) ). Auditor engagement offices are associated to a given MSA based on the city-state location of the engagement office as reported in the auditor report (i.e., contracting office). This information is obtained from the Audit Analytics database.
Local Market Definition: Large vs. Small to Medium Sized Companies
Large and small to medium sized companies present different characteristics that impact both the relative demand for audit quality (e.g., Big 4 vs. non-Big 4 audits) and how audits are produced within each market segment. A recent GAO survey documents that the Big-4 audit firms' dominance of the audit market varies greatly across segments of
In fact, there are likely strong "spillover" effects between technological investments in different client-firm industries in the same cities. Second, partitioning markets both geographically and by client-firm industry would reduce the power of the tests as many markets would end up with too few observations to accurately draw any inferences about production costs. Finally, the measure of size for a jointly defined city-industry market would not be as objective and reliable as a simple measure of geographical market size based on, for example, population or local GDP. Nonetheless, to control for potential client-firm industry effects we exclude financial institutions (SIC 6000-6999) from the sample. This is common in the literature, although unreported results show that the conclusions of this study are unaffected by the inclusion or exclusion of these firms. We also control for specific industry effects in the audit fee model presented below. 16 A metropolitan area contains a core urban area of 50,000 or more population. Each metropolitan area consists of one or more counties and includes the counties containing the core urban area, as well as any adjacent counties that have a high degree of social and economic integration (as measured by commuting to work) with the urban core. See http://www.census.gov/population/www/estimates/metroarea.html.
the audit market, as defined by client-firm size (GAO (2008)) 17 . In the large company market segment, the Big 4s' relative dominance can be linked to several factors. First, smaller auditors generally lack the capacity and expertise to audit large public companies given the size and complexity of their operations. Second, the lack of a significant international network can also limit smaller auditors' ability to effectively and efficiently audit larger multinational companies. Third, larger companies may preferably seek a Big 4 auditor as the benefit they derive from a Big 4 audit (and other non-audit services) can be proportionally greater than for small to medium sized companies. For the most part, these factors are specific to large public companies and auditors must develop adequate audit expertise and capability before entering this segment of the market. As a result, the market for large company audits is almost exclusively exogenously restricted to the larger Big 4 auditors.
Because this study seeks to understand and identify differences in Big-4 and non-Big 4 audit firms' production processes which result endogenously from diverging investments strategies rather than exogenous clientele effects, we consider the large company and the small to medium sized company segments as distinct audit markets. Hence, we restrict our analysis to the small to medium sized public company segment with no significant international operations where both groups of auditors are actively present. Specifically, we only retain client-firm-year observations with total assets below $500 million and exclude client-firm-year observations where the number of reported geographical segment is above one. In this setting, auditor choice is not naturally limited to large auditors because of high exogenous entry costs or other constraints. The objective here is to provide a more powerful setting for our tests 18 .
17 For example, the Big-4 audit firms audited 98% of public companies with annual revenues above $1 billion and the Hirschman-Herfindahl Index (HHI) for this market segment was about 0.25 in 2006. Yet, the HHI for the audit market for small public companies with annual revenues of less than $100 million fell to about 0.08 and just below 0.18 for public companies with annual revenues between $100 million and $500 million (GAO (2008)). 18 Segmenting audit markets on the bases of client-firm size is common in the literature (e.g., Simunic (1980) ; Francis and Stokes (1986) ; Palmrose (1986) ). Empirical analyses in government sponsored studies of the audit industry are often performed on some bases of company size (see GAO (2003 GAO ( , 2008 ; Oxera Consulting (2006 Consulting ( , 2007 ; London Economics (2006) ). We also note that price competition likely plays a more significant role in the small to medium sized public company market segment which in turn would
In the same vein, we compare Big 4 to non-Big 4 audit fees in part to control for nonobservable input costs differences potentially correlated with market size (e.g., labour).
That is, non-Big 4 audits are used as a control group for (exogenous) market specific costs differences correlated with market size. Observations within any restricted group are likely more comparable and thus allow for a better control for these differences.
Moreover, our restricted sample results in roughly the same number of Big 4 and non-Big 4 audits.
Finally, production costs differences between Big 4 and non-Big 4 auditors are inferred from audit fees charged in relation to local market characteristics, namely market size. As such, there is an implicit assumption that the local audit engagement office manages and performs the majority of the audit engagement. This is important because local geographical market characteristics are associated with the location of the local engagement office. If multiple offices are involved in an engagement, different markets are involved and it becomes difficult to associate audit fees to characteristics of one specific market (i.e., non-independent local markets). Audits for small to medium companies with only one reported geographical segment are less likely to involve multiple offices and thus less subject to this concern.
Audit Fee Model
We extend the standard audit fee model to allow for differences in audit pricing as suggested in Sirois and Simunic (2010) .
Audit fees are simply defined as total audit effort multiplied by an auditor's weighted average billing rate. Formally:
allow for efficiency gains and economies of scale to more directly translate into lower audit fees in this market segment.
where P j is auditor j's weighted average billing rate and EFFORT j represents total audit hours.
To simplify, we assume, as is standard in the auditing literature, that: (1) individual audit firms j are of one of two types, Big 4 and non-Big 4, and that auditors of a given type are essentially identical; and (2) the relative difference between Big 4 and non-Big 4 auditors in the total amount of audit effort is constant in engagement characteristics 19 . This makes it possible to isolate the effects of engagement characteristics and auditor type on audit effort purchased. Formally:
Where EFFORT is the total amount of audit effort purchased by client-firm i in year t, with Φ it representing a vector of engagement specific characteristics and T indicating auditor type (T = Big 4, non-Big 4). On the right hand side, X(Φ it ) is the total amount of audit hours purchased conditional on engagement characteristics, and LABOUR(T) is a positive adjustment factor to audit effort to account for differences in audit production processes between Big 4 and non-Big 4 auditors. We also assume that auditor's billing rates are equal across auditors of the same type 20 . Consequently, total audit fees paid by client-firm i for its year t audit is then equal to:
That is, total audit fee is equal to total effort multiplied by the auditor's average hourly billing rate P T , with T indicating Big 4 or non-Big 4. In equilibrium, auditors will set their prices in proportion to their marginal cost such that billing rates are a function of auditor 19 Basically, in a standard audit fee model, this difference between Big 4 and non-Big 4 auditors is captured as a component of the Big 4 audit fee premium in a Big 4 indicator variable. 20 Billing rates can also vary across years and client-firm characteristics (e.g., legal risk). However, any such variations, given the multiplicative nature of the model, are essentially captured by year indicator variables and engagement specific controls, X(Φ it ). type and marginal costs (Sirois and Simunic (2010) ). On the one hand, as is generally accepted in the literature, Big 4 auditors are characterised as an oligopoly (e.g., GAO (2003, 2008) ; Sirois and Simunic (2010) ) such that they can potentially price their services above marginal cost. When modeling Big 4 audit firm competition as a Cournot oligopoly, P B4 is a function of Big 4s' marginal cost and the number of Big 4 auditors operating in a given local market in a given year (i.e., entrants). Moreover, given our hypothesis that audit technology investments "locally" made by Big 4 audit firms (in relation to market size) involve predominantly process innovation, Big 4s' marginal costs are decreasing in the level of such investments, identified by ζ.
On the other hand, since the non-Big 4 market segment is highly fragmented with virtually no product differentiation among auditors, it is generally accepted that non-Big 4 auditors operate in an almost perfectly competitive market segment such that they will price their audits at marginal cost. Hence, auditors' billing rates are equal to (see Sirois and Simunic (2010) (eqs. (6) and (9) 
where N B4 is the number of entrants (i.e., Big 4 audit firms operating in a local market for a given year) 22 , C T is equal to marginal (hourly) costs, with T = Big 4, non-Big 4, and ζ measures the level of process innovation technology investments made by a Big 4 local office. Because audit technology is fixed at the time of production, marginal cost is equal to the unit cost of audit effort. The cost of audit effort is allowed to vary between auditor types to reflect differences in audit production processes 23 . Notice here that legal and 21 Here, eq. (6) is modified to allow for the possibility of process innovation captured by ζ (see Sutton (1998); Ellickson (2004) ; Sirois and Simunic (2010) ). 22 N B4 is a measure of Big 4 market power and is a decreasing function of the number of Big 4 entrants, albeit, at a decreasing rate. 23 Notice as well that an "additional mark-up" on marginal cost is possible so long as the ratio of (real and/or perceived) audit quality enhancing technology (δ j in Sirois and Simunic (2010) ) over price p j remains sufficiently high relative to other auditors to guaranty that the auditor controls sufficient market reputational costs are excluded from the model to simplify the analysis. In any case, these costs are assumed constant per audit firm type and borne at the national level, when controlling for engagement specific characteristics 24 .
Marginal input factor costs for both Big 4 and non-Big 4 auditors are likely positively correlated with market size. For example, auditor salaries are likely higher in larger markets such as Chicago and New York where the cost of living is higher. Because we are merely interested in controlling the portion of input factor costs correlated with market size, we directly use market size as a proxy for marginal costs. Formally:
where MIX T is a positive "weighting" factor; MIX T > 1 indicates that the audit firm's weighted average marginal cost is above the local market average input factor cost. This weighting factor is appropriately allowed to vary according to auditor type, although it remains constant across markets (again, given engagement characteristics). Marginal input factor costs are assumed increasing in market size: f'(·) > 0. Because ζ is also an increasing function of market size, we proxy for investments in process innovation using market size: g(MKTSIZE), where g'(·) > 0. Therefore, total audit fees paid by client-firm i for its year t audit is equal to:
shares to recover its investments in audit technology. In equilibrium, however, all auditors of the same type employ the same strategy so that this ratio is equal across auditors of the same type and set to the minimum value of (N B4 / (N B4 -1)). Moreover, even if such a mark-up exists it would apply at the national partnership level and not expected to be correlated in any particular way with local market size. 24 Future legal and reputational costs associated with audit failure are a function of client-firm specific risk and are captured by X(Φ it ) in eq. (2). Yet, because legal and reputational costs may proportionally differ between Big 4 and non-Big 4 auditors (e.g., DeAngelo (1981); Dye (1993) ; Lennox (1999) ), such costs would also be captured by an auditor type indicator variable (i.e., Big 4 "dummy") in a standard regression model (including the "LABOUR B4 " parameter in eq. (3a)). However, legal environment is constant across all local U.S. markets and reputational costs are associated to an auditor's band name, which, for any give auditor, is also constant across all local U.S. markets. Hence, legal and reputational costs differences between Big 4 and non-Big 4 auditors will be constant across all local markets and therefore not affect the results (i.e., unrelated to local market size).
Because MIX T and LABOUR T are essentially indicator variables, we group them together, and take the natural log to obtain:
Eqs. (7a) and (7b) show clearly how the standard audit fee model should be adapted for testing our hypothesis. X(Φ it ) captures well known engagement specific fee determinants included in standard audit fee models. These are explored in greater detail below. Other terms, namely N B4 and MKTSIZE, are observable market specific factors which the theory suggests should be included (notice that N B4 is also year specific). Because market size appears in two different components of Big 4 audit fees, we take advantage of the presence of non-Big 4 audits to estimate g(·). Essentially, we jointly estimate eqs. (7a) and (7b) to explicitly control for local market input factor cost differences (i.e., non-Big 4 audits serve as a control group). Formally: LEV itj = the ratio of year-end total liabilities to total assets of client-firm i in year t;
NBS itj = natural log of one plus the number of reported business segments of client-firm i in year t (assumed 0 if no data available);
NAS itj = the ratio of non-audit fees to total audit fees (audit fees + nonaudit fees) expensed by client-firm i in year t; Penno and Walther (1996) ) use population as a measure of local market size. However, GDP is more appropriate for this study since company financial audits are "business", rather than "consumer" products. In any case, population is almost perfectly correlated to GDP with Pearson correlation coefficients of 0.991. 27 The number of audits and total market audit fees in a given market would be a misleading measure as private and large public companies are excluded from the sample. More important still, using audit fees as a measure of audit market size would be problematic as this measure would be endogenous to our dependent variable. Furthermore, some audit clients, albeit a few, come from a different MSA as their auditor. In any case, GDP is highly correlated to the number of audits and total market audit fees with Pearson correlation coefficients of 0.88 and 0.86 respectively. 28 As stated above, this coefficient may also capture any other form of premium and/or "adjustment" to Big 4 audit fees relative to non-Big 4 audit fees (such as an "insurance" premium). However, controlling for engagement specific characteristics these adjustments are expected to remain constant across markets. 29 We also use log(N B4 ) as an alternative control for Big 4 market power. Results from all tests using this control are equivalent to results using LNBIG4 as defined previously, except that the sign on log(N B4 ) is, as expected, negative.
Other independent variables included in eq. (8) are commonly used control variables (see Hay, Knechel, and Wong (2006) for a meta-analysis). These variables stand for X(Φ it ) in eqs. (3a) and (3b). We include LNTA to control for client-firm size; INVREC to control for inherent risk; LOSS, ROA, and LEV to control for client-specific litigation risks to be borne by the auditor; and NBS to control for client-firm complexity. As is well documented in the literature, audit fees are positively associated to client-firm size, inherent risk, client-firm-specific risk factors and complexity. Therefore, we predict all coefficients on these engagement specific control variables to be positive, except for the coefficient on ROA which is expected to be negative (i.e.,  1 ,  2 ,  3 ,  5 ,  6 > 0,  4 < 0).
We use NAS to control for the possible impact on audit fees of the joint provision of nonaudit services (NAS). The provision of NAS can lead to lower audit fees as a result of the cross-subsidization of audit fees or synergies between audit and non-audit services.
Alternatively, NAS may be associated with organizational problems or operational changes in the client-firm which can lead to higher audit fees. Accordingly, we offer no prediction for the sign of the coefficient on NAS (i.e.,  7 = ?). We also offer no prediction for the sign of the coefficient on NEWAUD (i.e.,  8 = ?) since it is unclear whether a change of auditor will lead to lower or higher audit fees, all else equal. For example, a new auditor may offer a discount to gain new clients (i.e., "low-balling"). In contrast, a new auditor may face significant start-up costs and charge higher audit fees as a result.
We predict both coefficients on CONCERN and BUSY to be positive (i.e.,  9 ,  10 > 0).
We use CONCERN to control for audit problems related to the engagement that are expected to be positively correlated with audit fees. BUSY represents the "busy-season" during which most client-firms have their fiscal year-end. Consequently, audit fees are expected to be higher during this period because audit firms may engage additional expenses (e.g., staff overtime) or because they may offer discounts at other periods when staff resources are less occupied. Finally, we include fixed effect dummies for industry (two-digit SIC codes) and years to control for potential variations in audit fees across industries and over time.
As an additional test, we augment eq. (8) to explicitly control for labour specific input costs. This allows us to obtain a better understanding of audit production function differences between Big 4 and non-Big 4 auditors and explore possible sources of efficiency gains and economies of scale realised by Big 4 local audit offices. Indeed, labour is undeniably the most important factor of production in the audit process.
Moreover, labour input costs are highly positively correlated with market size 30 . We nonetheless retain MKTSIZE (i.e., LNGDP) as a control variable to proxy for factor input costs correlated with market size, but not labour costs. Formally, this changes eq. (5) to:
where SALARY corresponds to the (hourly) wage level on the labour market for auditors.
We also allow Big 4 and non-Big 4 auditors to possess different costs functions; that is, the use of production inputs varies between auditor types. Incorporating eq. (9) 31 . We predict the coefficient on LNSAL to be positive: β 4 > 0. We predict the coefficient on BIG4*LNSAL, 30 We use a market and year specific measure for the level of labour costs which also allows to control more directly for the effect of inflation. Note that engagement specific controls are also expressed in nominal terms and control partially for inflation as well. Any remaining impact of inflation is captured by year fixed effects. 31 Source: Occupational Employment Statistics, http://data.bls.gov/oes/search.jsp.
to be positive: β 5 > 0, which would indicate that Big 4 firms benefit from greater returns from labour input than non-Big 4 auditors. That is, for a given increase of labour input cost, Big 4 auditors are "capable" of increasing output (i.e., higher fees). As we discuss in the next section, because labour costs are positively correlated with market size, β 5 is a measure of returns to scale. In fact, if β 4 + β 5 > 1 it can be said that Big 4 auditors benefit from increasing returns to scale.
To formally test our hypothesis, we estimate eqs. (8) and (10) using OLS and assess if the coefficient on BIG4*LNGDP is significantly smaller negative: β 3 < 0. auditor information (i.e., name and location of the engagement office) 32, 33 . We restrict our sample to metropolitan areas to exclude very small markets with population below 50,000. Furthermore, we impose a minimum of three observations per market-year. This requirement is to ensure that a minimum of audit activity occurs in a given market, for a given year, and that there is sufficient data to draw reliable inferences about market structure (i.e., number of Big-4 entrants) and audit firm conduct (i.e., audit fees).
SAMPLE AND RESULTS

Sample
Client-firm financial statement information, industry membership and geographical segment data is obtained from Compustat; the number of geographical segments is assumed to be equal to one when no information is available. As discussed above, financial institutions (SIC 6000-6999), along with firm-year observations with total assets above $500 million or with more than one reported geographical segment are excluded.
Observations with total assets equal to $0 (or missing) or with missing industry 32 Fiscal year is as defined by Compustat. We choose 2002 as the starting year to retain only audits performed post-Enron. 33 A future version of this paper will include data up to financial year 2009. information are excluded 34 . Furthermore, we exclude client-firms with two or more auditors identified for a given year (identified as "joint audits"). We also exclude observations for which it is impossible to identify if an auditor change has occurred 35 .
The test sample consists of 7,416 observations from 83 different U.S. local markets (301 market-years), split equally between Big-4 and Non-Big-4 audits (Table 1) .
INSERT TABLE 1 HERE. Table 1 presents the descriptive statistics, where audit engagements are grouped by auditor type and market size category, pooled across all years. Engagement specific control variables are generally constant across all market size categories. This is supported by the pair-wise correlations reported in Table 2 . Pair-wise correlations between LNGDP and engagement specific control variables are all 0.06 and -0.048
(except BIG4 which is still relatively low at -0.139). As expected, however, market specific control variables LNSAL and LNBIG4 are correlated with market size. The correlation between LNSAL and LNGDP is especially high (0.63). Audit fees appear to increase somewhat in market size, most probably driven by LNSAL (i.e., the local price of labour). This suggests that eq. (10) is susceptible to multicollinearity.
Noteworthy are the differences between client-firms audited by Big 4 auditors and those audited by non-Big 4 auditors. The data confirms that Big 4 auditors audit larger and more complex client-firms (LNTA and NBS). They also audit relatively more profitable and less risky client-firms that report net losses less often (LOSS), have larger return-onassets (ROA) and are less leveraged (LEV). Not surprisingly, non-Big 4 auditors issue more going concern opinions on average than Big 4 auditors (CONCERN: 42% vs. 8%) as a result. Big 4 auditors also provide relatively more NAS to their clients (NAS) and audit more client-firms with December-January year-end (BUSY). NEWAUD for non-Big 4 auditors is over three times higher than for Big 4 auditors. This coincides with the increase number of auditor switches by small and medium companies from a Big 4 audit firm to a smaller-tier auditor following the passage of SOX 36 .
As expected, Big 4 audit fees are higher than non-Big 4 audit fees. However, pair-wise correlations between engagement specific control variables and audit fees (LNFEE) are often significant, confirming that audit fees are driven by client-firm characteristics (Table 2) . Finally, pair-wise correlations between control variables are generally low and suggest that multicollinearity is not a serious problem.
.
INSERT TABLE 2 HERE.
Results
We report in columns (1) and (2) of Table 3 the OLS estimates of regression coefficients of eq. (8) and (10) respectively, along with t-statistics in parentheses 37 , using the full sample of client-firms pooled over years and markets. Column (3) presents the results of a robustness test and are discussed later.
INSERT TABLE 3 HERE.
First, the coefficient estimate on BIG4*LNGDP is significantly negative, albeit at the 10% level, in the base model (eq. (8), column (1)). The coefficient from eq. (10) (column (2)) is also significantly negative (at the 0.1% level or better). Overall, the evidence is consistent with our hypothesis and indicates that Big-4 audit fee premium is, ceteris paribus, decreasing in market size.
Second, the coefficient estimates on LNGDP is, as expected, positive (and highly significant), confirming the importance to control for factor input costs differences across markets. In fact, when we include specific controls for labour costs (column (2)), the 36 Big-4 auditors also tend to have longer tenure. 37 t-statistics are based on heteroskedasticity-consistent standard errors which are robust to within clientfirm correlation (i.e., clustered SE).
result on BIG4*LNGDP remain negative and even more significant. However, the coefficient on LNSAL (column (2)) is negative and opposite from its expected sign, although not significantly different from 0 at conventional levels. One possible concern is that because LNGDP and LNSAL are so highly correlated it may be difficult to estimate the coefficients with accuracy (i.e., multicollinearity).
Third, the coefficient on BIG4*LNSAL is, as expected, significantly positive. Because Alternatively, the second scenario of increasing productivity would suggest that Big 4 audit premium should be decreasing in market size. Here, a positive coefficient on 38 This is equivalent to an increase in audit output since an audit is defined along quality attributes and clients will pay for higher audit quality. However, small to medium sized companies are less likely to benefit from higher audit quality which would limit the extent to which Big 4 audit firms seek to invest in audit quality for this market segment. 39 To illustrate, one can think of the reciprocal of β 4 + β 5 : an increase in 1% of Big 4 audit fees involves an increase of 1/1.297 = 0.787% in labour costs. 40 Unreported market structure data suggests that Big 4 office size is highly correlated with market size, while non-Big 4 office size remains mostly constant across markets. This is in fact entirely consistent with Sirois and Simunic (2010) . 41 Notice here, however, that the fee premium is linked to "improvements" in human capital (i.e., positive coefficient on BIG4*LNSAL). BIG4*LNSAL is equivalent to decreasing average labour costs for Big 4 auditors, part of which can result from Big 4 firms' ability to more appropriately manage capacity slack in larger offices 42 . In a more general sense, a positive coefficient is consistent with an increasing proportion of labour costs as a percentage of average engagement hour costs and is entirely in line with the idea that Big 4 auditors benefit for economies of scale 43 .
We note however that both scenarios are simultaneously possible. That is, Big-4 audit quality may be increasing in market size resulting in an increase in fees; however, efficiency gains simultaneously allow Big 4 auditors to "compensate" their clients and lower their fees. The fact that BIG4*LNGDP is negative in both eqs. (8) and (10) suggests that the latter effect dominates. Overall, although we believe that Big 4 audit quality remains mostly constant across U.S. local markets, the possibility that it may be increasing, as suggested Francis and Yu (2009) and Choi et al. (2010) , strongly biases against our hypothesis, making our results all the more noteworthy. Moreover, the end result remains the same in that the ratio of audit quality over audit fees for Big 4 audits relative to non-Big 4 audits is increasing in market size. That is, Big 4 audit value is increasing in market size as argued by Sirois and Simunic (2010) . Ultimately, the value of Big 4 audits in our sample is increasing mostly as a result of a reduction in Big 4 audit fees relative to non-Big 4 auditors.
In fact, Choi et al. (2010) find evidence that audit fees are increasing in office size. We believe that their test viable (i.e., office size rank across all years) captures similar effects as our test variable (BIG4*LNGDP) which suggests that our two studies report conflicting results 44 . Yet, our research designs differ and may not be entirely comparable;
42 Average hour labour cost for an audit firm is actually equal to local auditor salary (on an hour basis) divided by the percentage of productive (i.e., billable hours) out of the total number of hours worked (or on which annual salary is converted to an hour basis). Hence, as the percentage of billable hours increases, average labour costs decreases. 43 In other words, as "office overhead" costs are spread over more engagements, the proportion of marginal labour costs becomes more important relative to total average costs (i.e., labour becomes an increasing proportion of engagement costs and thus fees). This is more likely for audit firms where office level technology costs are important and when office size is increasing in market size, which is almost exclusively the case for Big 4 offices. 44 As stated before, office size is highly correlated with market size, and even more so with Big 4 office size. In other words, the largest offices in their sample would be Big 4 offices operating in the largest we also raise several concerns with their research design. First, our study focuses on the small to medium company market segment which we believe offers a stronger research setting, for reasons explained above. Second, one of their test variables (i.e., OFSIZE2) is based on audit fees and thus not entirely independent from the dependent variable, audit fees 45 . Third, the authors do not explicitly control for time specific effects in their regression model which potentially biases (significantly) in favour of their results.
Indeed, as a result of major shocks in the audit market (e.g., SOX), audit fees have increased significantly over the six year period of their study, from 2000 to 2005 (Rummell (2007) ). This is problematic since their measure of office size is equal to office-year specific audit fees divided by the largest value of total office annual fees costs which can bias in favour of their results. Nonetheless, we feel the structured approach we propose to explicitly control for input costs differences across local markets offers a stronger control.
Turning now to the last market (and year) specific control variable, we note that the coefficient on BIG4*LNBIG4 is of the expected sign, but overall small and not significantly different from 0 in all cases. Overall, the evidence does not suggest that Big strong. This is formal proof supporting conclusions made by the GAO (2003 GAO ( , 2008 ) that the high level of concentration in the auditing industry, dominated by the Big 4, does not seem to have had an adverse effect on audit fees thus far. The Big 4 audit fee premium, relative to non-Big 4 auditors, appears in large part driven by difference in the audit production process and quality differential (i.e., vertically differentiated audits), rather than abusive market power by the Big 4 audit firms 47 .
Finally, coefficient estimates on all engagement specific control variables in both columns are all highly significant (at the 1% level or less, except NEWAUD which is significant at the 10% level in column (2) 
Robustness Tests
To mitigate the possible multicollinearity problem associated with eq. (10), we reestimate eq. (10) without LNSAL but by deflating audit fees by the market-year specific median hourly wage for "Accountants and Auditors" (i.e., LNFEES -LNSAL). This effectively imposes a coefficient of 1 on β 4 and allows us to estimate eq. (10) without 47 In fact, when price competition is more intense, Bertrand oligopoly is more appropriate to model firm competition. Our hypothesis is nonetheless robust to Bertrand oligopoly (Sutton (1991) ). When price completion is more intense, firm prices are closer to marginal costs which reduces the magnitude of the market power premium; N B4 / (N B4 -1) converges to 0 as price competition increases. 48 Two other phenomena may also be occurring at the same time. First, new auditors may simply be "poor" at estimating audit fees for new clients such that they price "accidentally" below production costs on first engagements. These auditors would adjust their pricing in future years (note: auditors that price "accidentally" above production costs would tend not to be selected by prospective clients). Second, the majority of auditor switches in the sample are from Big-4 auditors to Non-Big-4 auditors. Because NonBig-4 audit fees are lower, the NEWAUD variable may be capturing some of this fee differential. (8)). Interestingly, the sum of 1 plus the coefficient on BIG4*LNSAL is equal to 1.421, very close to β 4 + β 5 = 1.297 from eq. (10) (column (2)).
As an alternative test, we also estimate eq. (10) and "modified" eq. (10) without LNGDP, BIG4*LNGDP and BIG4 (and no general intercept), but including a market specific "intercept" along with market specific Big-4 interaction terms. This allows us to mitigate the multicollinearity while also controlling for "market specific" unobservable characteristics. We then regress the estimates for market specific Big-4 premia on LNGDP (using both WLS and OLS). Unreported results are consistent with the notion that Big-4 audit fee premium is decreasing in market size. Finally, unreported results for all models are robust to alternative estimation techniques and variable definitions.
Overall, the evidence strongly supports our hypothesis.
CONCLUSION
In this paper, we have provided formal proof in support of Sirois and Simunic (2010) who argue that Big 4 and non-Big 4 audit firms fundamentally differ with respect to their investment strategies in audit technology. Our most significant contribution is to empirically evaluate the degree to which Big 4 auditors achieve economies of scale resulting from investments in audit technology at the local U.S. office level and, more importantly, determine how this affects audit pricing differences between Big 4 and nonBig 4 auditors. Our research design which focuses on a particular segment of the audit market in a single country allows us to hold constant audit quality differences between Big 4 and non-Big 4 audit firms. We believe this provides the strongest setting for testing for economies of scale. Table 3 (cont'd) † , * , ** , *** Significant at the 10%, 5%, 1% and 0.1% or better significance level respectively (one-tailed where signs are predicted, two-tailed otherwise); t-statistics based on heteroskedasticity-consistent standard errors which are robust (i.e., clustered standard errors) to within client-firm correlation. # Significant at the 0.1% or better (two-tailed) but of different sign than predicted.
§ Structured model: coefficient on LNSAL is set equal to 1 by deflating audit fees by MSAyear specific hourly auditor salary estimate.
